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7KH *OXH; H[SHULPHQW ZDV GHVLJQHG WR VHDUFK IRU K\EULG PHVRQV ZLWK H[RWLF TXDQWXP QXPEHUV XVLQJ D EHDP RI OLQHDUO\
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PD\\LHOGLQIRUPDWLRQRQFRQILQHPHQW7KHGHVFULSWLRQRIWKH*OXH;VSHFWURPHWHUDQG)RUZDUG'ULIW&KDPEHUV)'&DVDSDUW
RI WUDFN UHFRQVWUXFWLRQ V\VWHP LV SUHVHQWHG LQ WKH WH[W )'&CV DUHPXOWLZLUH FKDPEHUVZLWK FDWKRGH DQG DQRGH UHDGRXW 7KH
V\VWHP DOORZV UHFRQVWUXFWLQJ WUDFNV RI FKDUJHG SDUWLFOHV ZLWK aPNP DFFXUDF\ZLWK DQJOHV IURP  ȚXS WR  Ț 2QH RI WKH
GHWHFWRUIHDWXUHVLV;PDWHULDODPRXQWLQWKHDFWLYHDUHD7KHFDWKRGHJDLQFDOLEUDWLRQSURFHGXUHLVSUHVHQWHG7KHUHVXOWV
RIVXFKFDOLEUDWLRQXVLQJFRVPLFGDWDDQGEHDPGDWDDUHSUHVHQWHGDVZHOO
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
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UHJLPH VLQFH WKHVHPHVRQV H[SOLFLWO\PDQLIHVW WKH JOXRQLF GHJUHHV RI IUHHGRP3KRWRSURGXFWLRQLV H[SHFWHG WR EH
SDUWLFXODUO\HIIHFWLYHLQSURGXFLQJH[RWLFK\EULGVEXW WKHUH LVD OLWWOHGDWDRQWKHSKRWRSURGXFWLRQRI OLJKWPHVRQV
+\EULGPHVRQVGHFD\VDUHH[SHFWHGWRSURYLGHVHYHUDOSDUWLFOHVLQWKHILQDOVWDWHPRVWO\FKDUJHGSLRQVDQGSKRWRQV
7KHPHVRQVSHFWURVFRS\EDVHGRQWKH3DUWLDO:DYH$QDO\VLV3:$UHTXLUHVDQHDUO\KHUPHWLFGHWHFWRUIRU WKHVH
VHFRQGDU\SDUWLFOHV>@
7KH*OXH; H[SHULPHQW ZLOO XVH WKH FRKHUHQW EUHPVVWUDKOXQJ WHFKQLTXH WR SURGXFH D OLQHDUO\ SRODUL]HGSKRWRQ
EHDP,QRUGHUWRUHDFKWKHLGHDOSKRWRQHQHUJ\RI*H9IRUWKLVPDSSLQJRIWKHH[RWLFVSHFWUXP*H9HOHFWURQV
DUH UHTXLUHG /LQHDUO\ SRODUL]HG SKRWRQ EHDP ZLOO LQWHUDFW ZLWK OLTXLG K\GURJHQ WDUJHW ORFDWHG LQVLGH RI D
VXSHUFRQGXFWLYHVROHQRLGERUH
$VROHQRLGEDVHGKHUPHWLFGHWHFWRUZLOOEHXVHGWRFROOHFWGDWDRQPHVRQSURGXFWLRQDQGGHFD\VZLWKVWDWLVWLFV
H[FHHGLQJWKHFXUUHQWSKRWRSURGXFWLRQGDWDLQKDQGE\VHYHUDORUGHUVRIPDJQLWXGHDIWHUWKHILUVW\HDURIUXQQLQJ>@
7KHVSHFWURPHWHUKDVEHHQRSWLPL]HGIRUH[SHULPHQW*OXH;ZLWKWKHSULPDU\JRDOWRVHDUFKIRUQHZH[RWLFPHVRQ
VWDWHV 7KH SKRWRSURGXFWLRQ GDWDZLOO DOVR EH XVHG WR VWXG\ WKH VSHFWUXP RI FRQYHQWLRQDOPHVRQV LQFOXGLQJ WKH
SRRUO\XQGHUVWRRGH[FLWHGYHFWRUPHVRQVDQGVWUDQJHRQLXP
7KH*OXH;VSHFWURPHWHU
7KH SULQFLSDO VFKHPH RI KLJK DFFHSWDQFH *OXH; VSHFWURPHWHU LV VKRZQ LQ )LJ 7KH VWDUW FRXQWHU GHYLFH
VXUURXQGVOLTXLGK\GURJHQWDUJHW7KLVGHWHFWRUFRQVLVWVRISODVWLFVFLQWLOODWRUSDGVDQGSURYLGHVWLPHLQIRUPDWLRQRI
HYHQWV,QRUGHUWRUHFRQVWUXFWH[RWLFPHVRQGHFD\HYHQWVDFFXUDWHUHFRQVWUXFWLRQRIWKHLQFLGHQWSKRWRQDVZHOODV
WKHSURGXFHGFKDUJHSDUWLFOHVDQGSKRWRQVLVQHFHVVDU\
,Q RUGHU WR UHFRQVWUXFW ʌƕ DQG Ș PHVRQV WKH *OXH; GHWHFWRU PXVW GHWHFW DQG UHFRQVWUXFW SKRWRQV $ SDLU RI
FDORULPHWHUVFDUULHVWKLVRXW7KHEDUUHOFDORULPHWHULVORFDWHGLQVLGHWKHERUHRIWKHPDJQHWZLWK7HVODILHOGDQG
IRUZDUGFDORULPHWHUORFDWHGDIWHUWKHVROHQRLGGRZQVWUHDPRIWKHWLPHRIIOLJKWZDOO7ZRW\SHVRIGULIWFKDPEHUV
DUHLQVWDOOHGLQVLGHWKHEDUUHOFDORULPHWHU7KHWUDFNLQJGULIWFKDPEHUVDUHGHVLJQHGWRUHFRQVWUXFWWKHPRPHQWDRI
WKH FKDUJHG SDUWLFOHV HPHUJLQJ IURP WKH WDUJHW 7KH VWUDZ W\SH FHQWUDO GULIW FKDPEHUV &'& FRYHU WDUJHW DQG
UHFRQVWUXFWFKDUJHWUDFNVZLWKDQJOHVIURP Ț WR ȚZKLFKSURYLGHVYHU\JRRGUíĳDQGJRRG]UHVROXWLRQ,Q
DGGLWLRQWKLVGHWHFWRUSURYLGHVVRPHG(G[LQIRUPDWLRQWRDLGLQWKHVHSDUDWLRQRISLRQVNDRQVDQGSURWRQVXSWR
PRPHQWD RI DERXW *H9F ± D UHJLPHZKHUH G(G[PHDVXUHPHQWVZRUN H[WUHPHO\ZHOO  7KH)RUZDUG'ULIW
&KDPEHUV)'&DUHPXOWLZLUHFKDPEHUVZLWKDQRGHDQGFDWKRGHUHDGRXWGHVLJQHGWRPHDVXUHWUDFNVRIFKDUJHG
SDUWLFOHVFRPLQJIURPK\GURJHQWDUJHW LQ WKHIRUZDUGGLUHFWLRQZLWKDQJOHVXSWR Ț7KHPDLQSURSHUWLHVRI WKLV
JDVHRXVGHYLFHZLOOEHOLVWHGDQGGHVFULEHGEHORZ

)LJ$VFKHPDWLFYLHZRIWKH*OXH;VSHFWURPHWHU
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7KH)RUZDUG'ULIW&KDPEHUV
7KH)RUZDUG'ULIW&KDPEHUVV\VWHPFRQVLVWVRIWZHQW\IRXULQGHSHQGHQWVLPLODUGULIWFKDPEHUVGLYLGHGLQIRXU
VHSDUDWHLGHQWLFDOSDFNDJHV(DFKSDFNDJHLVLQVWDOOHGLQGLIIHUHQWSRVLWLRQVIURPWDUJHWSHUSHQGLFXODUWRWKHSKRWRQ
EHDPOLQH%DVLFDOO\DSDFNDJHLVVL[GULIWGHWHFWRUVRUSODQHVLVFORVHO\VSDFHGWRHDFKRWKHU(DFKSODQHLVURWDWHG
WRGHJUHHZLWKUHVSHFWWRRWKHU7KHSKRWRRIVXFKGHWHFWRUEHIRUHLQVWDOODWLRQLQVLGHWKHPDJQHWERUHLVVKRZQLQ
)LJ


)LJ7KHSKRWRRIDVVHPEOHG)RUZDUG'ULIW&KDPEHUV)'&GHWHFWRU
(DFKGULIWFKDPEHUFRQVLVWVRIWKUHHOD\HUV$QRGHZLUHSODQHLVORFDWHGEHWZHHQWZRFDWKRGHVSODQHVZKLFKDUH
URWDWHGWRZLWKUHVSHFWWRWKHZLUHV7KHJDVVSDFHEHWZHHQFDWKRGHDQGZLUHSODQHLVPP
:LUH SODQH KDV  VLJQDO JROGSODWHG WXQJVWHQ ZLUHV DOWHUQDWHGZLWK  JROGSODWHG &X%H ILHOG ZLUHV 7KHLU
GLDPHWHU LV PNPDQGPNP IRU VLJQDO DQG ILHOGZLUHV UHVSHFWLYHO\7KH VSDFH EHWZHHQ WZR W\SHRIZLUHV LV
PP7KHSRVLWLYHYROWDJHDSSOLHGWRVHQVHZLUHVSURYLGHVWKHJDLQDURXQG[2QWKHRWKHUKDQGWKHQHJDWLYH
YROWDJHSURYLGHVFLUFXODUV\PPHWU\RIHOHFWULFILHOG
7KHFDWKRGHSODQHLVPDGHLQWKHIRUPRIWKLQaPNPFRSSHUVWULSVZLWKGLIIHUHQWOHQJWKVSULQWHGDWFDSWRQ
ILOPaPNP7KHILOPLVJOXHGWRKROGLQJIUDPHRIFDWKRGHOD\HU7KHZLGWKRIHDFKVWULSLVPP(DFKVWULS
HQGVZLWKYHU\WKLQWUDFHVXVHGWRUHDGRXWVWULSV7KHWUDFHVDUHFRQQHFWHGWRSUHDPSFRQQHFWRUXVLQJDQLVRWURSLF
FRQGXFWLYH ILOP $ SURFHVV RI VXFK FRQQHFWLRQ LV D YHU\ GHOLFDWH RSHUDWLRQ DQG WKH VROGHULQJ WHFKQRORJ\ LV
XQDFFHSWDEOH>@
$OOWKLVGHVLJQIHDWXUHVZHUHPDGHWRSURYLGHJRRGSDWWHUQUHFRJQLWLRQ7KHSDWWHUQUHFRJQLWLRQLVDQLPSRUWDQW
SDUW RI WKH WUDFN UHFRQVWUXFWLRQ 7UDFN UHFRQVWUXFWLRQ DOJRULWKP UHTXLUHV ILQGLQJ ORFDO FOXVWHUV RI KLWV DVVRFLDWLQJ
WKHPLQWRVPDOOWUDFNVHJPHQWV7KHVHWUDFNVHJPHQWVFDQEHFRPELQHGLQWRODUJHUWUDFNV
7KH)'&SURYLGHVGLPHQVLRQDOSRLQWV,WXVHVWKHGULIWWLPLQJLQIRUPDWLRQIURPWKHZLUHVDQGDQDORJXHVLJQDOV
IURP WKH FDWKRGHV DOORZLQJ ZRUNLQJ LQ KLJK UDWH FRQGLWLRQV ,Q DGGLWLRQ WR WKLV UHTXLUHPHQW WKH GHWHFWRU KDV
PLQLPXPDPRXQWRIPDWHULDOLQDFWLYHDUHDDQGSHULSKHU\7KHDFWLYHPDWHULDODIIHFWVWKHPRPHQWXPUHVROXWLRQRI
WKH FKDUJHG SDUWLFOHV DQG SKRWRQV UHFRQVWUXFWLRQ E\ EDUUHO FDORULPHWHU LQ ODUJH PDJQHWLF ILHOG FRQGLWLRQV 7KH
DPRXQWRIPDWHULDOLQWKHDFWLYHDUHDRIDOO)'&V\VWHPLVa;
7KHFDWKRGHVWULSVJDLQFDOLEUDWLRQ
7KHUHLVDYDULDQFHLQ)'&CVFDWKRGHJDLQV,WFDQEHH[SODLQHGE\WKHGLIIHUHQFHVLQIURQWHQGSUHDPSOLILHUJDLQV
UHDGRXWFDEOHVDQGGLJLWL]HULQSXW2QWKHRWKHUKDQGWKHDQLVRWURSLFFRQGXFWLYHILOPWHFKQRORJ\KDVSUREOHPVZKHQ
VRPH VWUHVV LV DSSOLHG WR FRQQHFWLRQ DUHD 7KLV WUDQVODWHV LQWR ³PLVVLQJ´ FKDQQHO SUREOHP EHFDXVH WUDFHV ORVH
FRQQHFWLRQWRWKHSUHDPSFDUGV$OOWKHVHLVVXHVOHDGWRDFDWKRGHVWULSVJDLQFDOLEUDWLRQUHTXLUHPHQW
,QWRWDOFDWKRGHVWULSVLQFKDPEHUVVKRXOGEHFDOLEUDWHG7KHPDLQLGHDRIWKHFDOLEUDWLRQSURFHGXUHLV
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H[SODLQHG DV IROORZV$ FKDUJH IURP DQ DYDODQFKHGLVWULEXWHG DW XSSHU DQGERWWRP VWULSV VKRXOG EH WKH LGHQWLFDO
EHFDXVHRIWKHFKDPEHUJHRPHWU\%XWWKLVLVQRWHQRXJKIRUFRHIILFLHQWVFDOFXODWLRQ$QRWKHUVWDWHPHQWLVDGGHGWR
PDNH WKLV SURFHGXUH ZRUN 'LVWULEXWHG FKDUJH YDOXH LQ WKH FHQWUH RI WKH VWULS SRLQW LV GHWHUPLQHG E\0DWKHVRQ
IXQFWLRQ>@
0DWKHVRQILWIXQFWLRQYDOXHLQDSRLQWUHSUHVHQWLQJWKHFHQWUHRIWKHVWULSVKRXOGEHHTXLYDOHQWWRWKHDPSOLWXGH
UHDGRXWIURPWKLVVWULS7KHVXPRIWKHVHVWDWHPHQWVVKRXOGEHPLQLPDOIRUDOOHYHQWV7KHIRUPXODSUHVHQWHGEHORZ
GHVFULEHVWKHVHVWDWHPHQWV
   

  

  
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:KHUH
x &L±XSSHUVWULSFRHIILFLHQWDQGLQGH[LVDVWULSQXPEHU
x $L±DPSOLWXGHUHDGRXWIURPWKHXSSHUVWULS
x &M±ERWWRPVWULSFRHIILFLHQWDQGLQGH[LVDVWULSQXPEHU
x $M±DPSOLWXGHUHDGRXWIURPWKHERWWRPVWULS
x OILWIXQFWLRQYDOXHLQWKHFHQWUHRIWKHVWULSOXSSHUVWULSVO!ERWWRPVWULSV

7ZRFRVPLFGDWDSORWVDUHVKRZQLQ)LJ2QHRIWKHPLVDUHVXOWRIFDOLEUDWLRQFRHIILFLHQWVFDOFXODWLRQVYHUVXV
VWULSQXPEHU7KHVHFRQGRQHGHPRQVWUDWHVKLWRFFXSDQF\YHUVXVVWULSQXPEHU6KDSHRIRFFXSDQF\GLVWULEXWLRQFDQ
EHH[SODLQHGE\WKHIDFWWKDWWKHFHQWUDOVWULSVDUHORQJHU7KHVHSORWVZHUHPDGHIRURQHRIWKHFKDPEHUV7KHVWURQJ
FRUUHODWLRQEHWZHHQEDGFKDQQHOVDQGELJFRHIILFLHQWVLVREYLRXVDQGLWLVREVHUYHGRQWKHSORWV


)LJD&DOFXODWHGFRHIILFLHQWVYHUVXVVWULSQXPEHUIRUFRVPLFGDWDE+LWRFFXSDQF\YHUVXVVWULSQXPEHUIRUWKHVDPHFRVPLFUXQ
7KH VWULSV KDYH EHHQ FDOLEUDWHG XVLQJ EHDP GDWD IURP  IDOO FRPPLVVLRQLQJ UXQ DW WKH 7-1$) &(%$)
PDFKLQH(OHFWURQVZLWK*H9HQHUJ\SDVV WKURXJKDOXPLQLXP UDGLDWRU DW WDJJHUKDOO DQGSKRWRQV WUDQVIHU WR
H[SHULPHQWDOKDOO'DQGLQWHUDFWZLWKSODVWLFWDUJHW'XULQJWKHGDWDWDNLQJWKHPDJQHWILHOGZDVWXUQHGRIIDQGWKH
WULJJHU W\SHZDVRSWLPL]HG WRSURYLGHJRRGKLWRFFXSDQF\ LQDOOZRUNLQJDUHDVRI IRUZDUGGULIW FKDPEHUV IRU WKH
FDOLEUDWLRQSURFHGXUH7KHUHVXOWVRIWKLVFDOLEUDWLRQIRURQHRIWKHFKDPEHUVDUHVKRZQLQ)LJ
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
)LJ'LVWULEXWLRQRIFDWKRGHJDLQFRHIILFLHQWVFDOFXODWHGIURPWKHEHDPGDWD

$VREYLRXVO\YLVLEOHIURPWKHUHVXOWVWKHJDLQFRHIILFLHQWGLVWULEXWLRQLVDERXW7KLVDPRXQWLVQRWWKDWELJ
7KLV UHVXOW JLYHV DQ LQGLFDWLRQ WKDW WKH V\VWHP ZDV DVVHPEOHG LQVWDOOHG DQG FRQQHFWHG ZLWK KLJK DFFXUDF\ DQG
HOHFWURQLFVSDUWSHUIRUPVJUHDWDVZHOO
2XWORRN
7KH)RUZDUG'ULIW&KDPEHUVZDVDVVHPEOHGFRQQHFWHGDQGLQVWDOOHGLQVLGHWKHVXSHUFRQGXFWLYHVROHQRLG7KLV
GHWHFWRUVKRZHGKLJKHIILFLHQF\GXULQJ WKHEHDPUXQ7KHSHUIRUPDQFHRIGHWHFWRUGHPRQVWUDWHG WKDW LWFDQ
UHFRQVWUXFW'VSDFHSRLQWVZLWKaPNPVSDWLDOUHVROXWLRQ7KHFDWKRGHVWULSFDOLEUDWLRQZDVPDGHXVLQJFRVPLF
DQGEHDPGDWD7KHFRQVWDQWVZHUHGRZQORDGHGLQWRWKHFDOLEUDWLRQGDWDEDVH7UDFNUHFRQVWUXFWLRQDOJRULWKPVZLOO
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